An efficient synthesis of p-nitrophenyl-(9-fluorenylmethoxy carbonylamino) methyl carbamates using isocyanates derived from Fmocamino acid azides and p-nitrophenol in presence of an equimolar quantity of N-ethyldiisopropyl amine is described. All the carbamates have been isolated as crystalline solids and are fully characterized.
INTRODUCTION
The peptide backbone provides a framework for constructing large folded polymers with a wide range of functions as well as smaller oligomeric agonists, antagonists, enzyme inhibitors, etc. The problems associated with the therapeutic utility of peptides have led to develop new oligomeric backbones (carbamates, peptoids, ureas, sulfonamides, azatides), which have improved pharmacokinetic properties relative to native peptides.
[1]
The general procedures for the synthesis of peptidyl ureas involve the reaction of an isocyanate and primary amine. Isocyanates are usually prepared by bubbling phosgene gas through a solution of an amine at elevated temperature [2] or in the presence of a base at room temperature (r.t). [3] Although the use of triphosgene is a viable substitute, [4] its utility is reported to be not satisfactory in the case of isocyanate derivatives derived from N a -protected amino acids. [5] Alternative methods for the preparation of peptidyl ureas are involve the use of a carbonic acid derivative. In general, the carbamates have been prepared using p-nitrophenyl chloroformate, [6] 2,4,5-trichlorophenyl chloroformate, [7] (phenoxycarbonyl) tetrazole, [8] N,N 0 -carbonyldiimidazole, [9] 1,1 0 -carbonylbisbenzotriazole, [10] etc., and mono protected diamines which have to be obtained in about four to five steps. [3a,11 -13] The present communication describes the synthesis of p-nitrophenyl-(9-fluorenylmethoxy carbonylamino)methyl carbamate derivatives using p-nitrophenol and isocyanates derived from Fmoc-amino acid azides in presence of a base (Sch. 1) and their utility for the synthesis of several peptidyl ureas.
Fmoc protected amino acids were first converted to the corresponding azides 1 by the acid chloride method or by the mixed anhydride method using isobutyloxycarbonylchloride (IBC-Cl) and N-methyl morpholine (NMM) at 08C (in the case of amino acids bearing acid labile side chain protecting groups). [14, 15] The resulting acyl azides 1 were converted to the corresponding isocyanates 2 by the Curtius rearrangement (toluene, 658C, 10 min), which were then reacted with p-nitrophenol (1 equiv.) in presence of N-ethyldiisopropylamine (DIEA, 1 equiv.) at r.t. to afford the carbamates 3 as crystalline solids in about 88 -94% yield. All the carbamates 3 prepared have been separated as solids that were filtered and isolated. Their recrystallization using dimethylformamide (DMF) -dichloromethane (DCM) gave analytically pure samples. When stored at 48C for long periods, neither noticeable degradation nor any change in their spectral behavior ( 1 H NMR recorded after several weeks of storage) has been observed.
The utility of the carbamates 3 has been demonstrated by the synthesis of a series of dipeptidyl ureas 5 (Sch. 2). The acylation of amino acid ester hydrochloride salt in presence of DIEA with the carbamate 3 in DCM at r.t. has resulted in the separation of the peptidyl ureas 5 as solids. As in the case with the carbamates 3, the recrystallization of the peptidyl ureas 5 using dimethylsulfoxide (DMSO) -water mixture led to obtain analytically pure samples in about 90-96% of yield.
In summary, a simple method for the preparation of p-nitrophenyl-(9-fluorenylmethoxycarbonylamino)methyl carbamates and their utility for the synthesis of peptidyl ureas has been demonstrated. All the compounds prepared have been fully characterized.
Scheme 2.
Synthesis of Peptidyl Ureas 2315 EXPERIMENTAL
Melting points were determined using capillary method and are uncorrected. IR spectra were recorded on a Nicolet model impact 400D FT-IR spectrometer (KBr pellets, 3 cm 21 resolution). Specific rotations were recorded on Rudolf Research Autopol IV automatic polarimeter. Elementary analyses were carried out using Perkin Elmer Analyzer and the samples were dried for 24 hr under vacuum before analysis.
1 H and 13 C NMR spectra were recorded on a Bruker AMX 400 MHz spectrometer. Mass spectra were recorded on MALDI-TOF (KRATOS) and PE-SCIEX 150 EX LCMS. All solvents were freshly distilled prior to use. Amino acid methyl ester hydrochlorides were prepared by using methanol and thionyl chloride. Fmoc-amino acid azides were prepared by the procedures reported by us. [14, 15] General Procedure for the Preparation of p-Nitrophenyl-(9-fluorenylmethoxy Carbonylamino)methyl Carbamate 3
The Fmoc-amino acid azide 1 (1 mmol) was converted to the respective isocyanate 2 by the Curtius rearrangement (in toluene at 658C for 20 min). The solution was cooled to r.t. and p-nitrophenol (1 mmol) and DIEA (1 mmol) were added. It was stirred at r.t. till the completion of the reaction. The separated solid was filtered and washed with DCM and toluene to get the title compound as a solid in almost quantitative yield. 
General Procedure for the Synthesis of Dipeptidyl Ureas 5
To a stirred solution of amino acid methyl ester hydrochloride salt 4 (1 mmol) in DMF (5 mL) and DIEA (2 mmol), carbamate 3 (1 mmol) was added and stirred at r.t. till the completion of the reaction. The separated solid was filtered and crystallized using DMSO and water (70 : 30) to get the dipeptidyl urea 5 as a crystalline off-white solid.
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